Soy Protein Isolate Inhibits High Fat Diet-Induced Senescence Pathways in Osteoblasts to Maintain Bone Acquisition in Male Rats.
Chronic consumption by experimental animals of a typical Western diet high in saturated fats and cholesterol during postnatal life has been demonstrated to impair skeletal development. However, underlying mechanism by which high fat, energy dense diets affect bone forming cell phenotypes is poorly understood. Here, we show that male weanling rats fed a diet containing 45% fat and 0.5% cholesterol made with casein (HF-Cas) for 6 weeks displayed lower bone mineral density and strength compared to AIN-93G-fed dietary controls. Substitution of casein with soy protein isolate (SPI) in the high fat diet (HF-SPI) prevented these effects. The bone sparing effects of SPI were associated with prevention of HF-Cas-induced osteoblast senescence pathways through suppression of p53/p21 signaling pathways. HF-Cas-fed rats had increased caveolin-1 and down-regulated Sirt1 leading to activations of PPARγ and p53/p21; whereas, rats fed HF-SPI suppressed caveolin-1and activated Sirt1 to de-acetylate PPARγ and p53 in bone. Treatment of osteoblastic cells with non-esterified free fatty acid (NEFA) increased cell senescence signaling pathways. Isoflavones significantly blocked activations of senescence-associated β-galactosidase and PPARγ/p53/p21 by NEFA. Finally, replicative senescent osteoblastic cells and bone marrow mesenchymal ST2 cells exhibited similar behavior to cells treated with NEFA and in vivo bone cells in rats fed HF-Cas diet. These results suggest that: 1) high concentrations of NEFA occurring with HF intake are mediators of osteoblast cell senescence leading to impairment of bone development and acquisition; 2) the molecular mechanisms underlying the SPI-protective effects involve isoflavone-induced inhibition of osteoblastic cell senescence to prevent HF-induced bone impairments.